Determination of the age of the Paddy Field Frog, Fejervarya cancrivora (Anura: Dicroglossidae) by using skeletochronology. Biodiversitas 20: 2739-2743. The age of 102 individuals of paddy field frog (Fejervarya cancrivora) from Karawang District, West Java, Indonesia was skeletochronological determined. Hematoxylinophilic lines interpreted as lines of arrested growth (LAG) were observed clearly in the femur bone suggesting that this technique can be used to estimate the age of the frog, although the level of accuracy is likely to be strongly influenced by external and internal factor. In general, age estimates look close to accuracy at mature age levels; which one LAG equals the age of the frog that has passed one year old. The age structure of F. cancrivora from a paddy field in Karawang District has the maximum age of five years in females and four years in males. In general, adult females were not significantly larger than adult males.
INTRODUCTION
Fejervarya cancrivora is an anuran amphibian that is distributed in Indonesia, including Java, Sumatra, Kalimantan and Bali (Iskandar 1998; Kurniati 2003; Kusrini 2013) . Despites its wide distribution, so far there is very little information on age estimation of this species. Skeletochronology method is commonly used for retrospective age estimation of amphibians with unknown recapture history (Andreon et.al. 2011; Castanet et.al. 1996; Guarino and Erismis 2008; Sinsch 2015) , and the best method to asses population age structure (Guarino et.al. 2003; Kutrup et.al. 2005; Olgun et.al. 2005) . A preliminary study of Indonesian frog age by using skeletochronology on F. cancrivora, F. limnocharis and Limnonectes macrodon were done by Kusrini and Alford (2006) They reported that the maximum number of LAGs (Line of Arrested Growth) from 35 samples (SVL=14.5-56.7 mm) F. cancrivora was one. The results of skeletochronological research which was conducted by Phadmacanty et al. (2018) for F. limnocharis found varied number of LAGs, so did the Pancharatna and Dehpande (2003) result, while Kusrini and Alford (2006) also only found one LAG on 103 samples (SVL=15.68-53.00 mm).
Bone parts that are commonly used in skeletochronological research are the phalanx bones (Eden et al. 2007; Guarino and Eresmis 2008; Hasumi 2010; Liao and Lu 2010a; Liao and Lu 2010b; Liao et al. 2011; Morrison et al. 2004; Olgun et al. 2005; Oromi et al. 2012) ; but the femur can also be used (Castanet et al. 1996; Kutrup et al. 2005; Sinsch and Dehling 2017) . However, Pancharatna and Deshpande (2003) reported that tibia and fibula bones can be used forskeletochronological research without any significant difference result in one individual frog. The aim of this study is to determine the formation of LAG on F. cancrivora's bone which can estimate the age of the frog. Skeletochronology by using femur bones was applied in this study because based on Kusrini and Alford (2006) , the toe phalanx bone was not adequate in age estimating of the F. cancrivora.
MATERIALS AND METHODS

Field techniques
Specimens of F. cancrivora were collected in the rice fields of Anggadita and Gintung Villages, Klari Sukaresmi Sub-district, Karawang District (GPS: S 06020'38,2 "; E 107020 '59,1 ") on March 16-29, 2018. The area of paddy field is one of the locations where F. cancrivora are harvested for human consumption. The main purpose in collecting individual frogs was for the study of endoparasites of the frogs. A total number of specimens for this study is 102 individuals which are a series of age levels, i.e. pre-adult and the adult stage. All of the specimens were preserved in 96 % ethanol.
Skeletochronology
The specimens were residual of endo-parasitic studies. The femur bones were collected for skeletochronology studied. The skeletochronology analysis followed Sinsch (2015) used paraffin method. The decalcification process was modified from nitric acid to formic acid. The samples were washed out in tap water overnight and then decalcified in 10% of formic acid and stained using Erlich's hematoxylin. The samples were embedded in paraffin and sectioned in 15 um thickness with a rotary microtome (Yamato RV-240). Samples were deparaffinized by xylene, mounted by enthelan and analyzed by a compound microscope at 200x-400x magnification (Nikon Optiphot 2, Japan) attached to a computer for photographic analysis.
Assessments of sexual maturity
Sexual maturity was assessed based onthe secondary characteristics that appeared on male and female. Mature males are indicated by the appearance of dark color on the throat, precisely around the vocal sac area; whereas the adult female were observed by looked at the abdomen cavity; usually, prospective eggs inside the oviduct section can be seen on females that are already in mature age.
Data analyses
The PAST software (Hammer et al. 2001 ) was used to analyze data from measured parameters within sex and age groups. The Pearson's statistical correlation was used to estimate the correlation between SVL and the number of LAGs, and ANOVA Welch F test in the case of unequal variances was used to prove whether the growth SVL of adult males was significantly different from the growth SVL of adult females at level p <0.05. Body growth followed von Bertalanffy curve by analyzing average SVL for females and males and the curve were shaped using MS excel version 2016.
RESULTS AND DISCUSSION
Results
The total number of individuals that was studied by skeletochronology was 102. They consisted of 23 juveniles, 42 males, and 37 females. Results of the skeletochronology analysis is shown in Table 1 .
Cross sections of the femurs looked like a thick circle as part of the bone, and in the thick inner circle (lumen), the bone marrow could be seen clearly ( Figure 1 ). However, in juvenile and adult frogs, the circle bone layer was getting thicker and the lumen was getting narrower. The number of LAG detected was 0 (no LAG) to 5 LAGs. The presence of the growth zone and the number of LAG in cross-section femur bone are shown in Figure 1 . On the cross-section, metamorphosis line (ML) was clearly detected in the femur bone for several histology cross sections ( Figure 1 ). Part of this was clear in the phalanx bone as observed by Andreone et al. (2011) or by Liao and Lu (2010a) with the line named as Kastschenko Line (KL).
The number of LAGs with the increase in SVL for total individuals showed a positive correlation (Pearson linear, r=0.64, n=102); however, correlation on each age group yielded a strong positive correlation for the pre-adult group (Pearson linear, r=0.66, n=23) and adult female group (Pearson linear, r=0.78, n=37), but weakly positive correlation for adult male group (Pearson linear, r=0.38, n=42) . Based on correlation analyses, growth pattern of F. cancrivora was fast in juvenile stage and became slow in adult males. Body growth in adult males followed the von Bertalanffy curve, but it has not been proven in female.
Growth was estimated using the von Bertalanffy curve (Sinsch and Dehling 2017) ; however, in this study the growth was taking into account only the adult stages of females and males, because the sex of juveniles was unknown and froglets at metamorphosis stage were not collected. To determine the initial length of both sexes, the smallest juvenile length was taken as the beginning of SVL length (Rocha 1995) . The shape of the curve is shown at Figure 2 . Curve equation for females was y=32.952ln (x)+14.405; r 2 =0.8887 and for males was y = 19.317ln (x)+20.807; r 2 =0.8731; based on these equations, male and female individuals that were examined in this study had strong correlation on body growth.
The juvenile group with SVL of less than 30 mm has 0-1 LAG; males had a yearly LAG between 0-4, while females had 0-5 LAG. The results of the correlations of three individual groups (pre-adult, adult female and adult male) can be seen in Figure 2 . The uncommon case was found in adult female groups; there were three individuals who had entered the adult stage in length of SVL but apparently did not have LAG. In this case, the females' gonads were clear without any black spots as a sign of the early stage of the egg. The three individuals that have an uncommon case were also involved in the statistical analysis.
Based on 102 individuals that were analyzed by comparing the number of LAG and SVL, it appeared that some individuals did not show normal phenomena of one LAG equal to a one-year-old frog. The SVL for pre-adult stage, adult male and adult female ranges were between 17.70-29.70 mm, 30.60-65.20 mm, 31.10-89.10 mm respectively, but the formation of LAG in some individuals were not in equal to the increase the SVL, therefore there were an overlap SVL with the number of LAGs in the three groups. The result of this study found that 35 individuals (5 individuals of juveniles; 14 individuals of adult females and 16 individuals of adult males) had one LAG (Table 1) . It was concluded that individuals with one LAG have passed the one-year period of their lifespan. Endosteal resorptions were found in 15 individuals (5 adult males with range of age 2-4; 10 adults females with range of age 1-5). The interval width between MI and the first LAG varies greatly between the three groups. The cross-section showed that at the interval there is a discontinuous line (DL), the line similar to LAG, but not completely circular; the line presented in most individuals (Figure 1) ; of the 102 individuals there were 0 DLs as many as 8 individuals; 1 DL as many as 18 individuals; 2 DL as many as 20 individuals and 3 DL as many as 8 individuals; 4 DL as many as 2 individuals; however, individuals which have not yet formed LAG have DL between 0-3; while the formation of DL in the next LAG is not as many at the first interval.
SVL length for adult male and adult female groups under one year with 0 LAGs were not significantly
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different (Welch F test in the case of unequal variances: F=0.7356, df=16.44, p=0.4034). However, after one year, the length of SVL of adult males is not also significantly different than adult females (Welch F test in the case of unequal variances: F=0.4755, df=24.16, p=0.497; n of male=16; n of female=14), as well as for adult males and adult females that are more than two years old (Welch F test in the case of unequal variances: F=0.8517, df=11.25, p=0.3754; n for male=9; n for female=6). This result showed that adult females have a similar body size as adult males, this result was totally different from its close relative F. limnocharis (Shou et al. 2005 ).
Discussion
Skeletochronology technique was successfully applied for femur bone of F. cancrivora, which improved the results that had been done by Kusrini and Alford (2006) for the same species. The success of the skeletochronology technique also proved in F. limnocharis (Liao et al. 2011; Pancharatna and Deshpande 2003; Phadmacanty et al. 2018) which is a close relative to F. cancrivora. The number of LAG compared with the length of SVL at the pre-adult stage, adult males and adult females showed accurate results with a strong correlation between the two parameters. However, this study found several adult individuals who have entered the adult stage but do not have LAGs or pre-adult individuals but have one LAG (see Table 1 ; Andreone et al. 2011; Li et al. 2010; Kumbar and Pancharatna 2001; Kumbar and Pancharatna 2002; Kumbar and Lad 2017) . Generally, the increase in SVL length was positively correlated with the increase in the number of LAGs. Following Andreone et al. (2011 ), Li et al. (2010 , Kumbar and Pancharatna (2001) , Kumbar and Pancharatna (2002) and Kumbar and Lad (2017) , the absence of LAG was because the individual was not yet one year old, or it could also be due to the process of the bone formation so that there was no accumulation of calcium in the bones that produced LAG (Stiffler 1993) . These result indicate that the formation of LAG were not only influence by internal factor but also by external factor included environmental and nutrition.
The maturity of individuals entering the adult stage can run ahead of the formation of the first LAG. Usually, the LAG formation is caused by genetic factors and circannual rhythm under natural condition reinforced by the seasonal cycle. In the case of Microhyla ornata, LAGs are reported to be formed by the annual rainfall pattern which may affect regular feeding activity (Kumbar and Pancharatna 2001) . On the other hand, LAGs of Rana latastei living in the temperate area are produced when the individual overwinters (Guarino et al. 2003) , LAGs Ceratophrys cranwelli and Dermatonotus muelleri in laboratory conditions are estimated to be formed by general intrinsic (genetic) control (Marangoni et al. 2009 ). Paddy fields in areas where these frogs were collected applied to a harvesting system three times a year. So, the availability of water in rice fields was very dynamic which caused stress to frogs that live there; this may cause the reabsorbtion of earlier formed LAG (Stiffler 1993) ; these were proven of endosteal absorption in young age in several individuals.
The intensity of LAGs was less visible on F. cancrivora in this study, compared with frogs from the temperate region Hylarana guantheri (Li et al. 2010 ). This finding supports Castanet and Smirina (1990) assumption that LAGs can be more or less visible in life specimens' bones that live under constant climatic conditions.
Our results showed that body size is not a good indicator for age estimation on F. cancrivora; this tendency is also reported by another author (Khonsue et al. 2000) . Bell and Zamudio (2002) reported that in anurans, the most common sexual dimorphism is in body size. In most anuran species, it showed females larger than males (Woolbright 1983) . Similar to that report, female F. cancrivora are significantly larger than males (Iskandar 1998) . Larger body size occurs in female frogs because of natural selection to improve fecundity or offspring size (Liu et al. 2012) . It seems to be the specimens that were used as the research material in this study (high number of individuals with LAGs between 0-2) have not been sufficient to explain the growth rates of male and female bodies, so that the SVL length of males and females does not look significantly different.
The longevity of F. cancrivora that were collected in the paddy field of Karawang District was estimated to be at least five years in the female and four years in the male. The Karawang District is one of the hunting sites of F. cancrivora for consumption purposes, so it was very difficult to get a frog size above 100 mm, which possibly can explain the maximum lifespan of this frog.
